3-0-methylrhamnose was found in cell walls of Catellatospora ferruginea. This sugar was purified and identified by proton and 13C nuclear magnetic resonance and mass spectroscopy, using the acetylation method. It is localized in the cell wall fraction and occurs at a constant ratio among the cell wall sugars when various carbon sources are used for growth. 3-0-methylrhamnose was found in nine strains of Catellatosporu species containing MK-10 as the major menaquinone, but not in nine strains containing MK-9. Among 22 type strains of genera related to Catellatospora (Actinoplanes, Amorphosphorangium, Ampullariella, Dactylosporangium, Micromonosporu, Glycomyces, and "Catenuloplanes"), 4 strains contained only trace quantities, and the remainder contained none. Thus, we propose that 3-0-methylrhamnose is a key sugar in the chemotaxonomy of the genes Catellatospora.
MATERIALS AND METHODS
Bacterial strains and culture conditions. 'The strains used in this study were 3 type strains and 15 isolates belonging to the genus Catellatospora, 20 type strains of species in related genera in the actinoplanate group (7), anti 2 additional type strains of species in the genera Glycornyces and "Catendoplanes." All of these strains have a type D whole-cell sugar pattern, containing xylose and arabinose as diagnostic sugars (13) . The members of Catellatospora and genera of the actinoplanate group have type I1 cell wall amino acids (meso-and 3-hydroxy diaminopimelic acid and glycine) and a type PI1 phospholipid pattern (phosphatidylethanolamine). iso-Propanol-chloroform (1: 1, vol/vol) Cellulose TLC 0.65 n-Butanol-acetic acid-water (4: 1: 1, vol/vol) Cellulose TLC 0.57 n-Butanol-pyridine-water-toluene ( nea 6257-CT by acid hydrolysis, solvent extraction, and preparative chromatography. We identified this sugar as 3-0-methylrhamnose by proton and I3C nuclear magnetic resonance (NMR) and mass spectrometry. We were interested in the significance of the distribution of this sugar, and we examined its presence among 18 strains of Catellatospora species and 22 type strains of related genera by using high-performance liquid chromatography. The taxonomic (3); Catellatospora ferruginea 6257-CT (= I F 0 14496T) (2), 6168-B, 6183-F, 6248-A, 6423-A, 6432-C, 6464-0, and 6479-B; and Catellatospora sp. strains 6393-C and 6420-P. Strains 6393-C, and 6420-P were novel isolates from soil samples collected at different geographical sites in Japan.
We also used the following strains belonging to actinoplanate genera: Actinoplanes braziliensis ATCC 25844T, Actinoplanes caeruleus NRRL 5325T, Actinoplanes deccanensis ATCC 21983T, Actinoplanes ferrugineus JCM 3277T (= ATCC 2986ST), Actinoplanes italicus ATCC 27366T, Actinoplanes philippinensis NRRL 5462T, Actinoplanes rectilineatus JCM 3194T (= ATCC 29234T), Amorphosporangium auranticolor ATCC 15330T, Amorphosporangium globisporum JCM 3186T (= ATCC 23056T), Ampullariella lobata JCM 3061* (= ATCC 15350T), Ampullariella degitata ATCC 15349T, Dactylosporangium aurantiacum ATCC 23491T, Dactylosporangium matsuzakiense ATCC 31570T, Dactylosporangium thailandense JCM 3084T (= ATCC 23490T), Micromonospora carbonacea subsp. carbonacea NRRL 2972T (= ATCC 27114T), Micromonospora chalcea subsp. chalcea ATCC 12452T, Micromonospora echinospora subsp. pallida NRRL 2996T (= ATCC 1583gT), Micromonospora halophytica subsp. halophytica ATCC 27596T, Micromonospora inositola ATCC 21773T, and Micromonospora purpureochromogenes ATCC 27007T.
The other related strains used were Glycomyces harbinensis NRRL 15337T and "Catenuloplanes japonicus" ATCC 31637.
Preparation of cell walls and chemical analysis. For cell wall preparation the organisms were cultured in a liquid medium containing 1% glucose, 1% soluble starch, 0.5% yeast extract, 0.5% polypeptone, 0.2% beef extract, and 0.02% calcium bicarbonate (final pH 6.8) and incubated at 30°C for 2 to 4 days. Glucose and soluble starch were replaced by other carbon sources to obtain cell walls under different culture conditions. Harvested cells were washed twice with saline, sonicated, and centrifuged at 10,000 x g for 30 min. The debris was defatted twice with chloroformmethanol (3:1, vol/vol), boiled with 4% sodium dodecyl sulfate for 1 h, centrifuged at 100,000 X g for 30 min, and then washed four times with hot distilled water with centrifugation. The resulting semitransparent pellets were lyophilized and then used as purified cell wall preparations.
Reducing sugars were determined by high-performance liquid chromatography as described previously (2).
'H and I3C NMR spectra were recorded with a Bruker model AM400 spectrometer, using tetramethylsilane (6 = 0 ppm) as an internal standard.
6188-B, 6198-A, 6198-B, 6252-E, 6479-A, 6464-0, 6479B,
The unknown sugar was acetylated with acetic anhydride by using pyridine as a catalyst at room temperature for 15 h. Methanol was added to the reaction mixture, which was stored for 30 min at room temperature, and then dried in vacuo. The triacetate of the unknown sugar was purified by silica gel column chromatography with a toluene-acetone (9: 1, vol/vol) solvent system.
RESULTS
Detection of an unknown sugar. An unknown sugar was detected on cellulose or silica gel thin-layer chromatograms or paper chromatograms of hydrolysates of whole cells and cell walls. The spot of the unknown sugar moved ahead of rhamnose and gave a brown color with the aniline phthalate reagent and a yellowish green color with the anisaldehyde reagent, but did not reacted with ninhydrin or the RydonSmith reagent. Rf values in various solvent systems are shown in Table 1 .
Isolation and purification of the unknown sugar. The unknown sugar was isolated and purified from cell walls of Catellatospora ferruginea 6257-CT. It was the least polar among the reducing sugars in the cell walls hydrolysate. This characteristic was used effectively during purification. Purified cell walls (1.1 g ) were hydrolyzed with 1 N sulfuric acid at 100°C for 3.5 h, and this was followed by neutralization with Dowex WGR (OH-form) and lyophilization. The resulting material was first extracted with methanol and then (Tables 2 and 3) , one anomeric proton or carbon, four hydroxyl group-bonded tertiary carbons, one methyl, and one methoxyl signal were observed as paired signals. This suggested that the unknown sugar was an anomeric mixture of monodeoxy-mono-0-methoxyl six-member sugars. ' H homodecoupling experiments of the unknown sugar and its triacetate, which was prepared by acetylation, revealed the assignments of all protons and their coupling constants. These coupling constants were classified into small coupling constants (2 to 3 Hz) in J1,* and J2,3, but other coupling constants were large (9 to 10 Hz), showing a manno configuration. The coupling pattern of H-5 showed that the methyl group was bonded to position 5 ; that is, the unknown sugar was thought to be a mono-0-methyl derivative of 6-deoxymannose (rhamnose).
We confirmed that the bonding position of the methoxyl group was in position 3 by a comparison of the compositions of ' H NMR chemical shifts between the unknown sugar and its triacetate. This is because low field shifts of H-1, H-2, and H-4 were observed in the spectrum of the unknown sugar triacetate.
Thus, the structure of the unknown sugar was determined to be 3-0-methylrhamnose (= acofriose). The secondaryionization mass spectroscopy spectra of the sugar and its triacetate supported our conclusions concerning the structures of these compounds (data not shown).
Localization of 3-0-methylrhamnose. The localization of 3-0-methylrhamnose in the organism was determined by cell fractionation (Table 4) . Glucose, xylose, mannose, and ribose were detected in the hydrolysates of supernatants (10,000 X g for 30 min) from sonicated cells. These sugars were also components of the cytoplasm, while 3-0-methylrhamnose, rhamnose, arabinose, and galactose were localized in the cell wall fraction. 3-0-methylrhamnose occupied 28.5% (by weight) of the reducing sugars in the cell walls, but only 1.2% in the cytoplasm. No ribose was detected in the cell walls.
Constancy of reducing sugar ratio in cell walls. To be taxonomically significant, constancy of the reducing sugar ratio in cell walls must be observed even though cells are grown under different culture conditions. Five different sugars were evaluated as sole carbon sources. Glucose provided the best growth and gave a dry weight of cultured cells of 16.0 mg/ml, followed by galactose, which gave a dry weight of 13 .0 mg/ml, arabinose (9.8 mg'ml), rhamnose (9.3 mg/ml), and xylose (7.3 mg/ml). Table 5 shows the reducing sugar contents in hydrolysates of sonicated soluble fractions from cells grown on the different carbon sources. The contents varied widely, especially when cells were grown on rhamnose, arabinose, galactose, and glucose. However, in the cell walls the ratios of all of the reducing sugars except glucose were constant (Table 6 ). Despite different cultural conditions the ratios of 3-0-methylrhamnose, arabinose, and xylose were constant. This result showed that the components of the cell wall polysaccharides of Catellatospora are strictly regulated.
Distribution of 3-0-methylrhamnose in strains of Catellatospora species and related genera. The constant ratio of 3-0-methylrhamnose in cell walls is a characteristic of Catellatospora ferruginea 6257-CT. For chemotaxonomic reasons the distribution of this sugar was determined in strains of other Catellatospora species and in type strains of species in genera related to Catellatospora. The cell walls of each strain were purified and hydrolyzed to determine their reducing sugar contents. Clear results were obtained for the strains belonging to the genus Catellatospora. 3-0-methylrhamnose was detected in all of the strains containing MK-10 as the major menaquinone (Catellatospora ferruginea 6257-CT, 6168-B, 6183-F, 6248-A, 6423-A, 6432-C, 6464-0, and 6479-B and Catellatospora sp. strain 6393-C), However, this sugar was absent in the strains containing MK-9 (Catellatospora citrea 6183-ET, 6188-B, 6198-A, 6198-B, 6252-E, and 6479-A, Catellatospora citrea subsp. methionotrophica 6257-BT and 6498-D, and Catellatospora sp. strain 6420-P).
Among the 22 type strains of species in related genera that were tested, no strain contained 3-0-methylrhamnose in its cell walls in a ratio similar to the ratio in the MK-10-containing Catellatospora species. Trace amounts of the sugar were detected in the cell walls of Actinoplanes italicus ATCC 27366T, Actinoplanes philippinensis NRRL 5462T, Ampullariella lobata ATCC 1535OT, and Micromonospora purpureochromogenes ATCC 27007T. 3-0-methylrhamnose was not detected in the other type strains tested.
Existence of an unknown sugar. An unknown sugar other than 3-0-methylrhamnose was also detected; this sugar was clearly separated during high-performance liquid chromatography from 3-0-methylrhamnose and rhamnose by retention time. It was present in the cell walls of Actinoplanes deccanensis ATCC 21983T, Actinoplanes ferrugineus JCM 3277T (= ATCC 2986gT), Actinoplanes philippinensis NRRL 5462T, D . rnatsuzakiense ATCC 31570T, and D . thailandense JCM 3084T (= ATCC 23490T). This sugar was absent in Catellatospora species.
DISCUSSION
3-0-methylrhamnose has been found in polysaccharides present in planet resins (l), in a freshwater red alga, Batrachospermum (24) , and in a lipopolysaccharide from a filamentous blue-green bacterium, Anabaena (27) . It has also been reported in glycolipids from Mycobacterium leprae (8, 23) and other mycobacterial species (18, 19, 26) , as well as in lipopolysaccharides from species belonging to the genera Klebsiella (4), Rhodopseudomonas (21, 28) , and Azospirillum (6) . It is a component of extracellular capsular polysaccharides of rhizobial root nodules of Acacia (9, 10, 12) and an antitumor antibiotic, calichemicin, a product of the actinomycete Micromonospora echinospora (16, 17) .
On the other hand, the form of 3-0-methylrhamnose found in Catellatospora species must be different from the forms found previously, because in Catellatospora species the polymer containing 3-0-methylrhamnose could not be extracted from cell walls by solvents or by boiling in detergents. The polymer is bound tightly to peptidoglycan, which means that the polymer must be bound through covalent bonds.
The sugars and amino acids which make up the cell wall play important chemotyping roles in the systematics of actinomycete and coryneform bacteria (11, 14) . Wall chemotype components depend on their limited distribution in specific genera. Cell wall sugar types can be used to distinguish among genera; e. g., type A (arabinose and galactose) occurs in species of coryneform and nocardioform bacteria, type B (madurose [ = 3-0-methyl-~-galactose]) is found in members of genera of the maduromycete group, and type D (xylose and arabinose) occurs in members of genera belonging to the actinoplanate group, while 2-O-methyl-~-mannose is a unique key sugar detected in the genus Frankia (20).
3-0-methylrhamnose also emphasizes its uniqueness by the fact that it occurs only in MK-10-containing species of the genus Catellatospora. It is localized in the cell walls in a constant ratio despite growth of the cells under different cultural conditions. Moreover, none of the 22 type strains related to Catellatospora species which we tested contained this sugar in a ratio similar to the ratio in Catellatospora species. Only traces of 3-0-methylrhamnose were found in the cell walls of Actinoplanes italicus ATCC 27366T, Actinoplanes philippinensis NRRL 5462T, Ampullariella lobata ATCC 15350T, and Micromonospora purpureochromogenes ATCC 27007T. Trace amounts of this sugar are probably not significant in the chemotaxonomy of these strains compared with organisms in which this sugar is present as a major component. The taxonomic significance of 3-0-methylrhamnose is specifically restricted to the genus Catellatospora rather than to all of the chemotype IID actinomycetes.
An unknown sugar other than 3-0-methylrhamnose detected in some strains of the genera Actinoplanes and Dactylosporangium is probably the deoxyhexose reported by Szaniszlo and Gooder (22) . It would be interesting to investigate the taxonomic relationships among strains containing this unknown sugar. This sugar was absent in Catellatospora species.
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